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Abstract Considering the poor precision performance and high cost of the current wireless positioning
algorithms, and combined with light emitting diode (LED) lights based visible light communication (VLC)
system, a new wireless positioning algorithm based on camera calibration and with high precision is proposed,
in vew of camera distortion effect, non- isotropic, assembly deviation on captured pictures. This algorithm
could calculate the receiver’s position, as well as its posture, with the position relationship to the LEDs, and
LED position generated through the VLC system, and improve the anti— interference performance of VLC
system through tracking and pointing. Experimental results show that this algorithm could achieve a
positioning precision of a centimeter level, and generate relatively accurate posture information less than 5°. In
addition, the bit error rate of the VLC with tracking and pointing performs two orders of magnitude better than
the one with merely tracking, and improves the anti—interference capability and stability of the VLC system.
Key words optical comunications; wireless positioning; visible light communication; light emitting diode
lighting device; camera calibration; bit error rate
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Fig.1 Image sensor based positioning system model Fig.2 Camera focusing failure diagram

0205003-2



S I S
J& LED 15 5 G ST M A5 S 25 th BUTE BB AL s MN F o LED {5 5 06U S & 4 i B4 i M PLEE Sk EF A
B 0 MRS IETE C ni , IR 0 A BLEE Sk EF By ol MR = MAIE AR LE B, C A RIH G EE AB (1
oo PRI X AR Y LED 55 ) A A R A% I e b 00 (02 2 mT LA kR AR AR B JL AT s

3 AHBLAE f o Ao BA ik
W 3 iR, B AL E (R AR AR & P RS AR AR) N XY Z 1R LED AR S5O IR , 28 AL Sk #55 i1&

TE B R AL 3% 1 o AR AR BL A AR B | 5 B A AL B Sk X0 A 6 28 RO L il 28, ML BE Sk A4 R 29 20 51 A
B Sk L] b0 5 9025 o 0 060 22, 1A B2 R AT L Sk 627 v A 1045 8 28 o 0 B0 0 92 S5 1R 22 1 B
M, LED {5 5 G IR AU 7E BIHGAR AR 1 i 67 & AR AR (U, VI
[UV] =h (X" Y") = [f X"+ Cf, Y+ C]

(1)

XU+ k2Z +ky(ZV]+2p, XY +p,[Z" +2(X')
[X",Y"]T=h2(X’,Y’,Z’)= [ +h 2"+ ky( )2]+ P +pz[ +2( )] ’ 2)
YU+ k2" +ky(ZY]+2p,X'Y +p[Z +20)]
C 2 C ZT
(XY, 27 =h, (X, Y. 2)= "X/ 2.V |*Z (X'} +(Y’)2]T:{CX/CZ,CY/CZ,(XzC;)(Zm} . 3)
PN Z] =h(X) = R(P T =R 2] <[ xS 2] ) )

P o LED A5 5 6 IR AE A ML AR B 28 rb B 07 S AR A, [ X, Ve, Ze 0 B MAOHIL B9 310 S92 467 5, BRI AR AL =k Y D 2
HOLAE AL AL bR F RO L AR AR

. (1) 0 0 ”:cosﬂ 0 —sin0:|[005¢ singy 0
Ry = cosg sing| .

0 1 0 —sinyy costyy O0|=
0 —sing cose|lsinf@ O cos6 0 0 1
_ , 5
cos i cos 6 siny cos 0 —sin 6 ®)
—siny cos@ +cosfsinfsing coscos@+sinsinfsing  cosfsing
| singysing +cosisinfcosp  —cosifsing+singsinfcosp cosfcosg

A @ 6 F o 7350 S O BT 1) A AREAD R AT 55 A [, 100 AR BIL S5 28085 K A Xl A Y Jil O 1) 9 SR B
[Cx, CyI G AL SRS A6 Xl A0 Y i 75 ) v B B AR R pos oy ey e 235000 R ARTATL A5 280558 Sk A X SR Y 2k 77 1)
b R A o W A T 1) A AR D o ) A

im: nsor
0, { X, age senso

Pl 3 R AL A o o 55 vk A A
Fig.3 Model of camera calibration positioning algorithm
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Table 1 Basic parameters of camera

s

(17)

Parameter Value
Exposure time f., / s 20
Aperture 1/f 1/2.8
Image lens diameter D /mm 38
Pixel radius ry /pm 14
Focus in X axis fy 606.4929%r,;.
Focus in Y axis fy 607.8219%r
Origin in X axis Cy 612.5981Xru
Origin in Y axis Cy 508.0391 %X,
Radial distortion in X axis £, -0.1776
Radial distortion in Y axis k» 0.1110
Tangential distortion in X axis p; 0.0049
Tangential distortion in Y axis p, 0.0004

4.2 ENEEN VLC RGN

VLC R G TR E 2 32 BHRIOHLE S RS5O A SN KA, R R LTI T MR SR E
P 255 E AL 5L 2 Y EIHL S LED {5 5 6 IR 19 67 B OC 2R U B WP Y AR B 82 A G AT LA 5 O %
S B E S, T L & VLC BRI BT AE

0205003-5



2 0.6
a T
@ T ~ (®) A
05— 1 | LA T~ 04
£ ! - LED Tights N g 0
N_o5l j}// —camera trajectory| | ;_0'2
| -04 R
- LHD lights
-0.6 —eatlneratrajectory s
0 1. 08 fcal’culated tra‘jectory
Y/m~— -2. =0. F
M= 10725720 X/m 55 20 -15 -10 —05 0
X/m
04(@ 0.4 @
[ 0.2
0.2
0
. 0.2
g 02—t b ET
I LED lights I | N-04 "
N -04 | ——camera trajectory | * 'LED lights
0.6 | —calculated trajectory -0.6f————+—— ——camera trajectory
* = ——calculated trajectory
-0.8 T -0.8 o <a)
-1.0 -1.0
-08-0.6-04-02 0 02 04 0.6 -25 -20 -15 -10 -05 0
Y /m X /m

P 5 FHALSE bR 8 AL SRR MR 25 2R 0 (a) = 4ESLARIET: (b)Y IFAR IR () T P (d) A 4 P
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Table 2 Parameters of image sensor

Parameter Value
Pixel radius ryiw /pm 14
Pixel number N, 1280%x1024
Image lens radius ri.. /mm 5
Image lens refraction index ny. 0.8
Filter gain T. 0.8
System gain K 0.0325
Photoelectric conversion efficiency 1 /% 35
Statured electron number w.. /10" 3
Mean electron number of dark current noise ga. /s 5000
Mean electron number of other dark noise o 37
Standard deviation electron number of other dark noise oo 37
Field of view ¥ /(°) 80
10° . 5 "
—«without tracking
~with tracking
10-5 ——with tracking and pointing
% = ;/ZQ? -
e
10‘156
5 10 15 20
Timeline /s

7 VLC Z % BER £k
Fig.7 BER performance of VLC system
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